. The Nvides a structural scaffold for several key loops that interact with DNA or with CBF␤. In addition, two short and C-terminal regions were omitted from this comparison, as these were disordered in several of the crystal antiparallel ␤ strands (␤6 and ␤9) and two parallel ␤ strands (␤3 and ␤12) located at the lower part of the structures. Several loops undergo major changes upon RD binding to DNA and to CBF␤. The most prominent molecule support four loops at the bottom of the molecule (L3, L5, L9, and L12), each playing a critical role in change is in the conformation of a "meridian" loop, L11.
In the free molecule, this loop is longer, by one residue, stabilizing the protein-DNA interface, as shown by the crystal structures of the corresponding complexes [29, and the adjacent ␤11 strand is shorter, by one residue, compared with the bound molecule ( Figure 1B ). In the an intermediate timescale. Also, the free protein was unstable at high concentrations, room temperature, and free RD molecule, this loop points toward the N terminus and is equally spaced between the polypeptide chains low salt content [32] . DNA binding to this protein resulted in the appearance of many additional resonances and of ␤2-L2 and L9-␤10, whereas the same loop region in the complex with either CBF␤ or DNA is pointing in the major changes in the chemical shifts. However, even in the DNA-protein complex, no assignments could be opposite direction, making close contacts with residues within the L9-␤10 region. Other significant changes bemade to the backbone amides of residues 163-166 comprising L11 or of the adjacent 169-173 region forming tween the free and bound structures are displayed by three other loop domains: L4, L5, and L9. Loops L4 and the part of L12 that is involved in sequence-specific interactions with the DNA major groove. Figure 2A: intimately linked to those of the two other loops, L11 one is associated with the free RD and is referred to and L5, as described below. The requirement for a major as L11 type-I conformation, or L11-I, and the other is shift in the position of the L9 loop is elucidated by comassociated with each of the RD complexes (RD/DNA, paring the relative arrangements of the structural ele-RD/CBF␤, and RD/CBF␤/DNA) and is referred to as L11-ments of RD that participate in direct and indirect inter-II. A close-up view of the hydrophobic pocket associated actions with the DNA target shown in Figure 3A . with L11 is shown in Figure 2B . The side chains of His163
The amino acids that interact sequence specifically and Ala165 change environments between the two conwith the DNA binding site are located on L3, L12, L9, formations. In the free molecule, His163 is part of the and ␤3. These include Arg80, Lys83, Arg142, Val170, hydrophobic pocket but Ala165 is directed toward the Asp171, Arg174, and Arg177 (the later is not shown here, solvent, whereas, in each of the bound molecules, as the extreme C-terminal region is disordered in the His163 points toward the solvent and Ala165 is at the free RD structure). In addition, four amino acids located hydrophobic pocket. In addition, Tyr162 of the free molon ␤9, L9, and ␤12, including Arg135, Arg139, Gly143, ecule forms a hydrogen bond with the backbone of the and Lys167 (Arg135 is not shown in Figure 3A Figure 3B . In other words, the coupling between CH3…O and CH3…NH2 formed by Arg174, Asp171, Val170, and Arg139 (shown in Figure 3A) . Except for the the en-bloc motion of L9 and the conformational transition of L11 from the extended type-I conformation to extreme C terminus, the shape and spatial arrangement of L3, L12, and the adjacent ␤ strands are very similar the more constricted type-II conformation is achieved by formation of a long hydrogen bond ladder, or "zipper," between the free RD and the RD bound to DNA ( Figure  3A ) or bound to both DNA and CBF␤ (Figure 4) . Thus, extending from the two antiparallel strands ␤10 and ␤11 all the way to the L9 loop ( Figure 3B ). This array is the corresponding amino acids of the free RD can readily form sequence-specific interactions with the DNA bases identical to that displayed by RD bound to either CBF␤ or to both DNA and CBF␤ (data not shown). at the major groove as well as hydrogen bonds with the DNA backbone (shown in Figure 4 ). This is not the case, however, for two residues of Mutations in the Runt domain that interfere with protein-DNA interactions (Arg80, Lys83, Arg135, Arg139, To summarize, the direct contacts of CBF␤ with L1, ␤10, L10, ␤11, and L11 on one side of the L11-L9-L5 Arg142, Asp171, Arg174, and Arg177) were found in acute myelogenous leukemia (AML), familial platelet distriple loop and with L5 on the other side ensure that the hydrogen bonds between the protein and the bases Table 3 .
the formation of intra-aortic hematopoietic clusters. Development 126, 2563-2575.
